The quartz hazard: effects of surface and matrix on inflammogenic activity.
Modification of the quartz surface during the history of the particle is a powerful idea in understanding the variability of the quartz hazard. Interactions between quartz and other minerals are likely to occur in sediments, during industrial processing, or in matrix-bound quartz. We discuss new evidence regarding the basis of changes in the quartz surface that relate to changes in its ability to cause inflammation. Different samples of quartz were subjected to various biological assays. Endpoints included instillation of quartz into the tracheobronchial tree and measurement of PMN numbers in bronchoalveolar lavage (BAL) and in lung tissue, levels of the chemokine MIP-2 in BAL, and nuclear translocation of the transcription factor NF-kappaB in BAL cells. In vitro biological assays included cytotoxicity to epithelial cells, hemolytic activity, and radical activity of the particle surface as measured by electron spin resonance. Treatment of quartz with aluminium lactate impaired its ability to cause PMN recruitment, chemokine release, and NF-kappaB nuclear translocation in BAL. Workplace quartzes had no proinflammatory activity, which correlated with their ability to cause hemolysis but not their electron spin resonance (ESR) activity. Quartz in a matrix with coalmine dust or fly-ash showed different effects. In fly-ash, the toxicity was masked, but coalmine dusts were more toxic to epithelial cells than pure quartz in vitro; however, after instillation, the long-term inflammation was not related to the in vitro activity. Amelioration of quartz surface activity can occur in workplace samples of quartz and quartz samples whose surface is protected, to the extent that they have very little inflammogenic activity and display an inability to activate key subcellular pathways that lead to inflammation. Quartz from a workplace whose surface has been affected, or in a matrix such as coalmine dust or fly-ash, can have its toxicity modulated. These effects are due to minerals and organic compounds that can both decrease (e.g., aluminium salts) or enhance (e.g., coalmine dust matrix) biological activity and thus may contribute to toxicity in a complex way that is not easily predicted. Iron is a good example. There are reports that it can enhance quartz toxicity, or it may have little role to play in its toxicity, as shown here for almost pure quartz particles. A broad program of further research is needed before we have a sound understanding of the mechanisms of quartz toxicity.